Popliteal artery occlusion after total knee arthroplasty is rare (0.03-0.17%) but can lead to amputation if overlooked. We should carefully assess vascular patency by Doppler ultrasound and ankle brachial pressure index (ABPI) measurement before and after total knee arthroplasty (TKA) operation.
Introduction
Individuals indicated for total knee arthroplasty (TKA) are most often elderly, among whom limb arterial diseases are not uncommon [1] . In fact, chronic lower extremity arterial insufficiency is estimated to exist in 2% of patients undergoing total knee arthroplasty [2] . Popliteal artery occlusion after total knee arthroplasty occurs at a low incidence (0.03-0.17%) [3] [4] [5] but can be a grave complication if not found and treated promptly. We experienced a case of acute arterial occlusion at the right popliteal artery after simultaneous bilateral total knee arthroplasty. Fortunately, we found acute arterial thrombosis just after the operation and managed well without any complications. We report the case in detail here.
Case Presentation
The patient was an 80-year-old Asian female. She had been suffering from intractable right knee pain for 20 years and left knee pain for 10 years due to osteoarthritis. Conservative treatment failed, and she consulted us for surgical treatment. She was a nonsmoker and had hypertension and history of surgical treatment for left breast cancer 15 years ago with additional hormonal therapy (tamoxifen) for several years. Her hypertension was well controlled with medications. There were no signs of metastasis of her breast cancer.
Physical examination revealed limited range of motion in both knees (À5°extension lag and 125°passive flexion limit). Preoperative X-rays showed disappearance of medial knee joint spaces, rigorous osteophyte formations and moderate varus deformity (Fig. 1) . Femorotibial angles (FTA) were measured as 182°for both knees.
We performed simultaneous bilateral total knee arthroplasties under lumber spinal anesthesia. ACTIYAS implants (Kyocera Medical Corporation, Osaka, Japan) were used. Total ischemic time by tourniquet with 290 mmHg was 94 min for the right knee and 85 min for the left knee. The total operation times were almost the same bilaterally, that is, about 2 h. The whole procedure was completed without any complications. The postoperative radiograph showed successful implantation for both knees (Fig. 2) .
However, immediately after the operation was finished, we found that the right foot was cold and that the right dorsalis pedis artery and the right tibialis posterior artery were impalpable in the operating room. Although both feet appeared to be normal,the pulse oximeter displayed as low as 80% oxygen saturation and flat pulse wave in the right second toe. Acute arterial occlusion at the right lower extremity was suspected, and we immediately consulted vascular surgeons at our hospital. They diagnosed occlusion of the right popliteal artery with a Doppler ultrasound, and emergent angiography was performed in the operating room under general anesthesia. An arterial catheter was inserted into the right femoral artery, and angiography demonstrated that the right distal popliteal artery just proximal to the right peroneal-tibia trunk was occluded (Fig. 3A) . Vascular surgeons aspirated one fibrin clot longer than 2 cm and three blood clots (Fig. 4) .
After clot aspiration, the dorsalis pedis artery became palpable, oxygen saturation of the right second toe rose up to 100% on the pulse oximeter, and the peroneal and tibia artery were confirmed by angiography (Fig. 3B ), although vascular stenosis was still observed in two portions at the distal popliteal artery. For anticoagulation treatment, a combination of heparin, alprostadil, cilostazol, and fondaparinux sodium was carefully used. The patient underwent the regular rehabilitation course, started early postoperative ambulation the next day, and left the hospital without recurrence of ischemic event 17 days after the operation. Four years have passed since the operation, and her knees function quite well without any problems.
Discussion
As the occurrence rate of acute arterial thrombosis after TKA, three cases of 9022 TKA patients were reported at Mayo Clinic, and the rate was as low as 0.03% [6] . At Pennsylvania Hospital, seven of 4097 TKA patients were reported and the rate was 0.17% [5] . Matziolis et al. [7] reviewed six reports and in a total of 31 cases of popliteal artery occlusions after TKA, amputations were performed in 11 cases. Chokesy et al. also reviewed that in 29 knees complicated with thrombosis after TKA, 11 cases required amputation [8] . Arterial complications after TKA are relatively uncommon [9] but cause a catastrophic result if not managed properly.
As the commonly accepted Virchow's triad [10] indicates, the presumable risk factors of acute arterial thrombosis after TKA are intravascular stasis (no motion under lumbar anesthesia, tourniquet, an elastic bandage soon after the operation), damage of arterial endothelium (hypertension, compression by tibial anterior dislocation during operation, fragile arteriosclerotic plaque in vascular endothelium), and hypercoagulopathy (history of cancer and hormonal therapy) [11] . In this case, all three risk factors did exist; therefore, a preoperative vascular study should be performed for the index patient.
For other risk factors, surgical correction of fixed knee deformities can bring about subsequent traction on the popliteal artery and cause intimal tears, which may lead to the formation of occlusive thrombus and ischemia [1] . In addition, compression of the artery against the newly displaced bony or musculotendinous component also causes blood stasis and clot formation [12] . Varus deformities and extension contractures of both knees are confirmed in this case, although the magnitude of deformity was moderate.
Ischemic time by tourniquet inflation is considered as a risk factor for thrombosis, but Matziolis et al. [7] reported a case of arterial occlusion caused by even limited use of a tourniquet for about 10 min during only the cementing phase. Most patients suffering from osteoarthritis are elderly and have associated atherosclerosis. A calcified plaque is fragile and easily fractured by even single, shortterm use of a tourniquet. Patients with a highly calcified femoropopliteal artery on plane radiographs should be encouraged to seek preoperative vascular surgery consultation, because the chronic lower extremity ischemic (CLEI) subgroup with no femoropopliteal calcification survived TKA with tourniquet use and without complications, compared with 25% ischemic complications with all CLEI populations [13] . Prompt recognition and intervention are critical for limb salvage once artery occlusion occurs. Furthermore, orthopedic surgeons must be aware that, in some cases, acute arterial occlusion developed even after 9 days postoperatively [14] . Latent popliteal artery injury during total knee arthroplasty has also been reported [15] . Total knee arthroplasty is the orthopedic surgical procedure most commonly associated with vascular injuries, followed by hip arthroplasty [16] , spinal surgery, and knee arthroscopy [17] . This fact prompts us to pay further attention to preventing arterial injury and thrombosis after TKA. The artifacts caused by the prostheses make computed tomography (CT) and magnetic resonance angiography (MRA) insufficient for an early and precise diagnosis. A Doppler ultrasound should be performed first, but thereafter angiography gives us the precise location of the lesion and can work as a less invasive approach for endovascular therapy [8] .
Surgical procedure is of vital importance in preventing vascular injury. During TKA operation, insertion of the retractor into the posterolateral corner of the tibia should be avoided because it is the most vulnerable area of the popliteal artery [18, 19] . The popliteal artery, vein, and posterior tibial nerve usually run through the posteromedial to the lateral corner of tibia, and more than one centimeter insertion of the retractor on this site poses a great risk of direct injury to the popliteal artery [20] .
Several preoperative assessments have been proposed to minimize the arterial complications during knee arthroplasty. In the manifestation of a preexisting arterial disease, it is of primary importance to keep records during the physical examination. Smoking history, hypertension, diabetes mellitus, intermittent claudication, and previous history of transient ischemic attack or stroke should be addressed. Inspection of lower extremity circulation (popliteal artery, dorsalis pedis artery, and posterior tibial artery), skin ulceration, intolerance for cold, skin discoloration, and previous history of surgery should be focused on. Careful preoperative selection and vascular surgery consultation are thought to be warranted in doubtful cases [4] .
Measuring ankle brachial pressure index (ABPI) can be an easy, objective preoperative vascular study for atherosclerosis. The problem is that inelastic blood vessels of patient with diabetes sometimes disfigure the diagnostic value of ABPI [12] . In one report, seven chronic lower extremity patients with ischemia (ABPI < 0.9) and 33 normal patients (ABPI ≥ 0.9) were categorized by measuring ABPI before TKA [1] . However, no arterial or venous injuries were found in either group, and low ABPI, correction of minor knee deformity, and a tourniquet time of 2 hours did not alter arterial blood pressure before and after TKA [1] . This study indicates that simple criterion by measuring ABPI preoperatively is not good enough to screen out high-risk patients with ischemia.
Palpation of the dorsalis pedis artery after TKA is thought to be imperative and should be conducted and recorded in all cases because other typical signs of ischemia, such as pain, paresthesia, and paralysis, are often masked by spinal or epidural anesthesia and this fact often hampers early diagnosis. Furthermore, false-negative Doppler sonographical studies failed to detect vascular emergencies until the dorsalis pedis artery was found to be impalpable in one case [3] . In another case, even though the posterior tibialis artery was palpated, the dorsalis pedis artery was not palpated after TKA, which led to prompt diagnosis and treatment [7] . In addition to our case, these studies demonstrate the clinical value of palpation of the dorsalis pedis artery after TKA.
Conclusion
We reported a case of acute arterial thrombosis after bilateral total knee arthroplasties. We recommend the pre-and postoperative assessment for low-extremity blood flow, such as Doppler ultrasound, ABPI measurement, and severity of vascular calcification seen by knee lateral radiograph before and after TKA surgery, especially in patients with a risk of thrombosis.
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